The extensive use of trade credit in all manufacturing sectors, despite its high cost, is an apparent puzzle that economists explain in terms of asymmetric information problems affecting financial markets. The financial constraints arising from credit rationing and limited access to stock markets suffice to induce firms to resort to trade credit as a supplemental source of funding. Nonetheless, empirical evidence shows that also large and liquid firms facing no binding financial constraints use substantial amounts of trade credit. We address this issue by modelling the financial policy of a firm that does not face a binding liquidity constraint but the risk of being constrained in the future. We characterise the optimal amount of trade credit held by such a firm, and we show that a positive probability of facing a liquidity constraint leads the firm to fund its inventories with trade credit, even if cheaper sources of funds are available. The rationale is that trade credit provides implicit coverage against liquidity risk. Therefore, the optimal amount of trade credit grows with the expected size of a possible liquidity shock and with the likelihood of its occurrence.
Introduction and Motivation
In the last two decades, trade credit has attracted the attention of economists because it posed a puzzle. Empirical evidence shows an abundant and widespread use of trade credit. Several studies-e.g. Atanasova and Wilson (2003) , Cuñat (2007) , Rajan and Zingales (1994) , Guedes and Mateus (2009)-present data showing that trade credit is a substantial share of the liabilities of firms in all manufacturing sectors. Likewise, significant amounts of account receivables appear among the assets of most companies. This extensive use of trade credit appears surprising in the light of its high cost. Indeed, the cost of trade credit, i.e. its implicit interest rate, is significantly higher than the cost of a bank loan (Note 1). If trade credit is so expensive, why do companies resort to it so extensively? Why such a large share of credit is not provided by banks and financial intermediaries, which are specialized in credit services? Why do suppliers regularly grant trade credit to their clients? Understandably, economists put forward explanations of this phenomenon based on informational imperfections in credit and financial markets. As is known, asymmetric information between lenders and borrowers create problems of adverse selection and moral hazard resulting in credit rationing and costly-if not impossible-access to stock markets. Firms facing these financial constraints can resort to trade credit as a supplementary source of funding.
Although the arguments presented by the above-cited authors appear convincing, they leave unanswered part of the observed phenomenon. If liquidity constraints are the cause of the wide use of trade credit as a source of funding, why large, liquid firms with access to credit and stock markets also show significant amounts of trade credit among their liabilities? Why liquidity constraint firms grant trade credit to their customers?
To expound this empirical evidence, authors like Wilner (2000) and Cuñat (2007) also invoke credit market imperfections and focus on some implicit and explicit features of trade credit contracts. These authors argue that providers of trade credit grant more concessions to their buyers than other financial intermediaries. In order to keep enduring business relationships with their buyers, the suppliers of a firm are willing to extend further credit if the firm experiences financial difficulties, whereas banks would not do so. Cuñat (2007) develops and reinforces the same argument. This author demonstrates that the suppliers of inputs of production have a comparative advantage, with respect to financial intermediaries, in providing liquidity insurance to their clients. This is explained by the fact that suppliers are better informed than banks about a firm"s creditworthiness, have more contract enforcement power than banks (because of the industrial relation with the buyer) and, finally, can make better use of the trade credit collaterals, i.e. the inventories of the firm. Consequently, "Suppliers seem to lend to their customers experiencing financial trouble, even when banks are not willing to lend. This additional lending may occur through financing a higher proportion of purchased goods or by extending the agreed maturity of the loans. Furthermore, in many circumstances, this extra lending occurs via late payment of already extended debts." (Cuñat, 2007) .
The theoretical arguments of these authors find ample support from empirical evidence. Boissay and Gropp (2013) present an extensive dataset on French firms showing that liquidity constrained firms that experience liquidity shocks pass part of such shocks to their suppliers by deferring their payments, i.e. increasing their trade credit obligations. These data indicate that, in the vast majority of cases, suppliers do not pursue the liquidation of their illiquid buyers and accept to postpone payments, which means to augment the trade credit granted to the buyer.
These empirical and theoretical findings indicate that, generally, suppliers act as lenders of last resort for firms that face financial troubles. This marks a substantial difference between bank and trade credit. A firm cannot default on a bank without incurring in a liquidation procedure, i.e. bankruptcy. Conversely, a firm can default on its suppliers and count on a deferral of payments, i.e. extra funding. Therefore, while granting trade credit, suppliers also act as providers of insurance against liquidity risk.
The aim of this paper is to contribute to this stream of literature presenting a result that isolates the insurance value of trade credit from its value as a supplemental source of funding. We focus on a buyer"s side of this story and model the behaviour of a risk-neutral, value-maximising firm that does not face a binding liquidity constraint but the risk of being constrained in the future. We characterise the optimal amount of trade credit held by such a firm. In so doing, we show that a positive probability of facing a liquidity constraint is sufficient to induce the firm to fund its inventories with trade credit, even if cheaper sources of funds are available. Moreover, we obtain that, as intuition suggests, the optimal amount of trade credit grows with the size of the expected liquidity shock and with the likelihood of its occurrence.
The rest of the paper is organised as follows. Section 2 presents a review of the literature on trade credit that is related to the present paper. Section 3 puts forward a model of the optimal choice of funds of a manufacturing firm and the results that we obtain about the funding of production with trade credit. Conclusions are drawn in Section 4 while the proofs of the proposition and corollary presented in Section 3 are collected in the Appendix.
Related Literature
Our work is related to the studies that focus on the role of trade credit in manufacturing sectors and put forward possible explanations for its extensive use.
As mentioned in the introduction, authors such as Rajan (1994, 1997) , Gilchrist (1993a, 1993b) , Nilsen (1994 Nilsen ( , 2002 and Biais and Gollier (1997) argue that the liquidity constraints due to bank credit rationing explain the widespread resort to trade credit, despite its high cost. These authors see trade credit as a source of funding supplementary and complementary to bank credit. As Biais and Gollier (1997) argue, suppliers are better informed than banks about the creditworthiness of a firm. This informational advantage renders possible the realisation of profitable projects through trade credit, projects that banks would not have funded. Another compelling argument in Biais, Gollier (1997) is that the granting of trade credit by suppliers is a favourable signal for the banks. The information revealed by a trade credit contract helps to alleviate the problems of asymmetric information resulting in credit rationing. In this perspective, bank credit and trade credit are complementary: the larger the amount of trade credit granted to a firm, the more solvent the firm appears to ijef.ccsenet.org International Journal of Economics and Finance Vol. 11, No. 7; 2019 the banks. Ng et al. (1999) too analyse trade credit contracts from the perspective of asymmetric information and signalling. Suppliers face imperfect information about buyers' default risk, and they address this problem offering trade credit with specific contractual terms. Buyers' responses to such contractual terms are signals about their financial soundness and, therefore, they help the suppliers to identify the buyers who may face liquidity shortages. The empirical results of this paper support the theories that describe credit terms as contractual solutions to moral hazard problems concerning product quality and buyer creditworthiness. Similar arguments appear in Smith (1987) , who claims that the trade credit contract provides an effective screening device of default risk, and this explains its high implicit interest rate. The author models a two-part trade credit agreement as a screening contract, according to which if a buyer forgoes the discount then he pays a rather high-interest rate. In these cases, the failure to take the discount is a negative signal that confirms the need to monitor the buyer's financial position.
Carpenter, Fazzari, Petersen (1998) explain the observed cycles of investment in inventories in terms of financial constraints. They argue that cash flows and trade credit are much more statistically significant than cash stocks in explaining the investment in inventories, i.e. in working capital. They test this hypothesis across different manufacturing sectors and for firms of different sizes. Their results support the view of a linkage between inventories and trade credit, where the latter is a source of funding of the former.
Contributions that are more recent deliver further investigations of the nature and implications of trade credit contracts. Cunat (2007) analyses the relationship between supplier and customer from an industrial and financial point of view. The author argues that suppliers have a comparative advantage over banks in granting loans because trade credit contacts are more enforceable than bank credit contracts. Suppliers can threaten to stop supplying inputs of production, and this constitutes a more effective means of enforcement than the mere legal means available to the banks. Cunat (2007) also presents data showing that, in Great Britain, trade credit amounts to 17% of total assets, 43% of debts and 52% of short-term debts of companies, whereas in the US these percentages are 18%, 34% and 58%, respectively.
Asymmetric information and moral hazard problems are at the heart of the analyses by Burkart and Ellingsen (2004) . These authors present a contract theoretic model of trade credit in competitive markets with asymmetric information and argue that trade credit reduces the scope for moral hazard on the part of debtors. For this reason, according to the authors, the weaker the legal protection of creditors provided by the judicial system, the larger the use of trade credit. They also argue that trade credit and bank credit are complementary for firms subject to liquidity constraints, while they are substitutes for firms with sufficient debt capacity, i.e. firms that have access to external sources of funding tend not to resort to trade credit.
Wilner (2000) argues that the providers of trade credit, differently from financial intermediaries, are willing to grant more concessions to buyers in financial distress because of their interest in maintaining an enduring business relationship. The high-interest rate required by the suppliers constitutes a fair premium for buyers that would receive extra funding in case of financial difficulties. The author argues that a buyer can take advantage of this facet of a trade credit contract in case the buyer"s purchases represent a large percentage of the supplier"s revenues. In this case, the buyer accepts what appears to be a less favourable contract because it implies more negotiating power in the presence of financial shortages.
Aktasa et al. (2012) highlight the information content of trade credit contracts. These authors argue that the use of trade credit reveals valuable information to outside investors in as much as it improves the quality of the investments of a firm. The authors test and validate this prediction using balance-sheet data taken from a large sample of US firms, using several proxies for firm"s investment quality.
In a more recent contribution, Abdulla et al. (2017) point out the different use of trade credit made by publicly listed firms and privately held firms. These authors show that public firms have a significantly lower level of trade credit than private firms do. They explain the finding arguing that public firms have access to sources of finance cheaper than trade credit, while private firms are more likely to face bank credit constraints.
Finally, it is worth citing Yang and Birge (2014) , who study the effects of the extensive use of trade credit in supply chains. They find that there is a high statistical correlation between account payables and inventory stocks. According to the authors, this indicates that trade credit helps to improve the efficiency of supply chains.
The Model
We model the behaviour of a risk-neutral, value-maximiser firm, i.e. a firm that maximises the discounted sum of future expected profits, and focus on the financial needs arising from its activity (Note 2). The firm operates with ijef.ccsenet.org
International Journal of Economics and Finance Vol. 11, No. 7; 2019 three inputs: fixed capital, , labour, , and working capital, i.e. inventories, . The latter is the stock of intermediate goods used in the production process. For simplicity, we take the amount of labour as fixed, i.e. as provided by a set of workers who have a long-term contract with the firm. We assume that the firm is endowed with a Cobb-Douglas technology and it is subject to the possible occurrence of random productivity shocks:
Where i) + + = 1 , and ii) is a random variable that can take on two values: either unity, with probability 1 -p, or ̂< 1, with probability p. The productivity shock occurs if =̂. If, conversely, = 1, then the firm faces no adverse condition and implements the desired, optimal amount of output, * , using the optimal amount of factors, i.e.
* , * and * . The price of the output is assumed constant and is normalised to one. Hence, measures also the revenues of the firm. For the sake of simplicity, we take the amount of labour, L, as fixed and equal to its desired value, i.e. we assume that the firm has a set of workers, hired with long-term contracts, who deliver the optimal, profit-maximising amount of labour. Thus, the firm pursues its desired level of production choosing the investments in inventories and, possibly, in fixed capital. As customary, we assume that inventories stock is nondurable and fully depreciates after one period, whereas fixed capital, , is durable and irreversible (Note 3), that is:
(2) The firm finances its activity using net earnings, an internal source of cash, and two external sources of funding: bank credit, b, and trade credit, TC. Banks behave competitively and are willing to lend and borrow at an interest rate equal to r. The suppliers of the firm provide trade credit by granting to their customers the possibility of deferring payments at a cost. We introduce financial markets imperfections in the model by assuming that the firm faces a bank credit constraint and cannot issue new shares. We assume that the banks, to grant credit to the firm, require a collateral guarantee and that a share of the capital endowment can serve this purpose. Moreover, we assume that the firm cannot obtain extra funding from its shareholders, i.e. from the stock market.
At the beginning of each period, the firm borrows one-period debt, , from the banks at the interest rate r, and repays to the banks * at the end of the period, where = 1 + . Formally, we assume that
Where 0 < < 1, and ≥ 0 (4) where i) is the share of fixed capital that can serve as collateral, and ii) represents the profits of the firm that are distributed to the shareholders, i.e. dividends. The non-negativity of dividends means that shareholders cannot provide further funding to the firm. The firm can retain partly or entirely its profits--i.e. its net earnings, as defined below--and can lend them to the banks at a risk-free interest rate equal to . Such a rate sets the opportunity cost of this source of funding. At the beginning of a period, the firm can also obtain one-period trade credit from its supplier of inventories. We assume that the firm can purchase the entire amount of inventories with trade credit, that is ≤
The cost of trade credit, i.e. its implicit interest rate, is 1 > . At the end of the period, the firm is supposed to repay ⋅ 1 to the suppliers, where 1 = 1 + 1 . Moreover, and most important, we assume that the firm can choose not to repay part or all of the existing trade credit. Because of the theoretical and empirical results cited above, we assume that a supplier never asks for the liquidation of a defaulting buyer and always accepts to defer the repayment of trade credit to the next period, without imposing a penalty rate on such extended loans. In other words, we assume that the firm can choose to repay the portion (1 − ) of trade credit, where ⋲ ,0,1-, within the initial contractual terms (i.e. at the end of the period), and defer the repayment of the portion ⋅ to the subsequent period, paying the same interest rate, 1 .
To characterise the forward-looking optimal behaviour of the firm, we consider a succession of three periods, i.e. three production cycles, indicated as time t, t+1 and t+2. At the beginning of each period, the firm observes the realisation of and decides the level of activity, i.e. chooses the profit-maximising investment in inventories and fixed capital. Moreover, at the beginning of each period, the firm obtains credit from the bank and can obtain trade credit from its supplier, if the firm chooses to do so. The firm uses these funds, along with the net earnings of the preceding period, −1 − −1 ⋅ − −1 ⋅ ₁, to finance the purchase of the production factors that yield the output . At the end of each period, the firm ijef.ccsenet.org International Journal of Economics and Finance Vol. 11, No. 7; 2019 realises revenues , and it is supposed to repay the debt to the banks, ⋅ , and the trade credit, if any, to its suppliers, ⋅ 1 . If > 0, the firm has the option to postpone the repayment of trade credit. Thus, at the beginning of each period, the firm faces the following cash flow statement that shows the sources and the uses of funds:
The value-maximising behaviour of the firm at hand consists of choosing the values of the choice variables--, , , and −with the aim of maximising the present value, at time t, of its stream of profits over the three periods. Formally, the decision problem of the firm is
Subject to: ∆ ≥ 0, ≤ , ≥ 0 and ≤ For the sake of simplicity, we restrict the possibility of a productivity shock to the first period only, i.e. we assume that +1 = +2 = 1, whereas =̂ with probability p and = 1 with probability 1 -p.
Thus, the firm faces two possible scenarios. A first scenario, in which no productivity shock occurs in any of the three periods, and the firm faces no liquidity constraint. A second scenario, in which the shock takes place in the first period and the firm experiences a liquidity shortage. This restriction on the occurrence of the shock is not crucial. We could extend the possibility of the existence of the shock to the second and third period without changing the substance of our results but, in so doing, we would render the solution of the model more cumbersome. Conversely, the next two restrictions are fundamental for our analysis. Since trade credit is more expensive than retained profits and bank credit, this assumption implies that, in the absence of productivity shocks, the firm pays inventories upfront. In this case, the amount of output realised by the firm in period t + 1 is strictly smaller than its profit-maximising value, i.e. +1 < +1 * .
Assumption 2: In the absence of trade credit, the shock is sufficiently large to force the firm to reduce the activity level in the subsequent period
With these assumptions, we restrict the analysis to the behaviour of a firm that does not deal with a binding liquidity constraint but faces a liquidity risk, i.e. the risk of being liquidity constraint in the future. Under these conditions, trade credit is not a convenient source of funding stricto sensu, because of its high cost, but can be a valid source of funding because of its implicit insurance function, despite its high cost. We now proceed to show that it is indeed so and characterise the optimal amount of trade credit that a profit-maximising firm holds under the restrictions made above.
Proposition:
Under the above-stated conditions, the optimal amount of trade credit held by the firm at hand is * = +1 + ( +1 ,ф +2 )
where +1 / is the marginal productivity of retained trade credit at time t + 1, and ф +2 is the shadow price of retained profits at time t + 2.
Corollary:
1) The optimal amount of trade credit held by the firm at hand, * , is strictly positive: * = * + > 0 ijef.ccsenet.org International Journal of Economics and Finance Vol. 11, No. 7; 2019 2) * is strictly increasing in the probability of the occurrence of the shock, p, and in the size of the shock, i.e. it is strictly decreasing in ̂.
These results establish that the insurance value of trade credit per se is sufficient to induce a liquid firm to hold trade credit. A firm that does not need trade credit as a supplemental source of funding, i.e. a firm that can fund its activity with cash flows and bank credit, uses trade credit as a form of insurance against liquidity risk. The extra cost of trade credit, i.e. the difference R 1 -R, is the price that a firm pays to buy the option of defaulting on its suppliers, if necessary. The extent of this liquidity insurance is the maximum amount of extra funds that the firm can obtain from its suppliers, i.e. is the value of the inventories purchased with trade credit.
As shown by eq. (8), and claimed in the corollary, the optimal quantity of trade credit grows in the likelihood of the occurrence of the shock, p, i.e. in the risk of being financially constraint, and in the magnitude of the possible liquidity shortage, (1 −̂) * . Thus, the larger the exposure to liquidity risk, the larger * . On the other hand, the more expensive this form of insurance, i.e. the larger R 1 -R, the larger the denominator of eq. (8), the smaller * , i.e. the insurance coverage purchased by the firm in this fashion.
Conclusions
The trade credit puzzle described above has prompted different analyses and different explanations. There is wide agreement on the fact that firms subject to credit rationing and limited access to stock markets resort to trade credit as a supplemental source of funding. Nonetheless, empirical evidence shows that the extensive use of trade credit in the manufacturing sector also involves large and liquid firms that have access to sources of funding cheaper than trade credit. We focused on this facet of the phenomenon and analysed the conduct of a risk-neutral, profit-maximising manufacturing firm that does not experience a binding financial constraint but only the risk of being constrained in the future. Based on theoretical arguments and empirical evidence put forward by several authors, we assume that suppliers of goods are willing to grant further credit to their customers if these face financial difficulties. That is, suppliers of goods are also providers of insurance against the risk of facing a liquidity shortage. We argue that this liquidity insurance embedded in trade credit contracts is sufficient to justify the use of trade credit on the part of a firm that has sufficient internal and external funding-i.e. cash flows and bank credit-to funds its optimal level of activity. We characterise the optimal quantity of trade credit held by such a firm under the assumption that the firm can default on its suppliers without facing a bankruptcy procedure. Our results show that the value-maximising amount of trade credit for this firm is a function of its exposure to liquidity risk. In other words, the optimal amount of trade credit is the optimal purchase of insurance against liquidity shocks undertaken by the firm at hand. Our results also show that, as intuition suggests, the optimal quantity of trade credit is an increasing function of the expected size of the possible liquidity shortages and their likelihood, whereas it is decreasing in the difference between the cost of trade credit and the cost of cheaper sources of funding, such as bank credit.
In sum, our analysis indicates that the rationale of the fact that large and liquid firm, i.e. firms that have sufficient cash flows and bank credit to buffer ordinary fluctuations of their net earnings, hold substantial quantities of trade credit if they operate under the risk of unfavourable events capable of resulting in large liquidity shortages.
Proof of proposition:
Since , +1 -= +1 ( +1 =̂) + (1 − ) +1 ( +1 = 1) and , +2 -= +2 ( +1 =̂) + (1 − ) +2 ( +1 = 1) rewrite eq. (7) Vol. 11, No. 7; 2019 The amount of trade credit that maximises the fourth and fifth addenda of is equal to zero because, if = 1, then the firm is not financially constrained and it prefers to use sources of funds cheaper than trade credit, i.e. retained profits and bank debt. Thus, to characterise * we can look at the first order conditions of the constraint optimisation problem of the firm, i.e. eq. (7a), in the second of the above-described scenarios, i.e. the one in which ( +1 =̂). Note that the expected values of the Lagrange multiplier ф measured at time t + 1 and at time t + 2 are both equal to the cost of trade credit: ф +1 = ф +2 = 1 . The Lagrange multiplier ф measures the marginal value of extra cash coming from net earnings, i.e. retained profits. This value is the same at time t + 1 and at time t + 2 because in both periods the firm is financially constrained with a marginal cost of funding equal to the cost of trade credit, 1 . In other words, one extra dollar of retained profits enables the firm to save one dollar of retained trade credit. Hence, we have 
Proof of corollary:
Point 1: The denominator of this ratio is positive because of 1 > . The numerator is positive because: i) +1 / > 0, i.e. the marginal productivity of D in period t + 1 is positive. Retaining an additional unit of trade credit at time t + 1 enables the firm to increase its investments and reduce the gap between the actual and the optimal level of production. ii) ( +1 / , ф +2 ) > 0.
+1 /
and ф +2 are both binary random variables that depend on the realisation of the shock. If ( = 1), then they are both nulls: the firm is not financially constraint, retained trade credit has no impact on investment decisions and the constraint ≥ 0 is not binding. If ( =̂), then both these variables take on positive values because the firm faces a binding financial constraint. Indeed, in such a case, +1 / > 0 and ф +2 = 1 > 0. Therefore, * > 0.
Point 2: Under assumption 1, we have that the investment in inventories and fixed capital, made by the firm at the beginning of period t, are * and * , i.e. the ones that, along with the optimal amount of labour, deliver the ijef.ccsenet.org
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